Introduction
Most of our knowledge of the ecology of antibiotic resistance genes comes from hospital-based studies that do not provide a wider picture of the occurrence of genes that confer resistance in bacterial pathogens. Hospital patients are discharged into the community taking their antimicrobialresistant flora with them. Once back in the community they may act as reservoirs for resistance genes until host bacteria are eliminated from their microbial flora. Furthermore, as general practitioners issue the majority of prescriptions for antibiotics, 1 this compounds the selective pressure for resistance genes in this setting. If we are to understand the dissemination of resistance determinants we must consider the degree of colonization by resistant bacteria of the majority of people who do not frequent hospitals.
Molecular biological techniques for detection of antimicrobial resistance have rarely been applied to the study of the distribution of resistance genes in the commensal flora. 2 Reliance upon culture alone ignores the bacteria that cannot be grown in artificial culture, although such bacteria may act as a reservoir for resistance genes.
The -lactams are the most commonly prescribed antibiotics in the UK. TEM-type -lactamases, coded for by the bla TEM gene, are among the commonest mechanisms by which facultative anaerobic gut flora resist -lactam antibiotics. 3 Furthermore, the bla TEM genes display a remarkable tendency to mutate to give enzymes with an extended spectrum of activity. Although mutants are most often found in hospitalized patients, they will be carried out of hospital environments when patients are discharged, adding to the load of resistance genes in the wider community. In this study, we have compared conventional aerobic culture for identifying resistant bacteria with a PCR-based method for detecting resistance genes to identify individuals in the community who harbour bowel flora in which bla TEM genes are present, both in bacteria that can be isolated by culture and in non-cultivable microbes.
Materials and methods

Sample population
One hundred consecutive faecal samples submitted by GP patients to the microbiology laboratory of the Leeds General Infirmary were collected and stored for up to 5 days at 4ЊC until culture for routine bacterial enteric pathogens was complete. Once samples were known not to contain Salmonella, Shigella, Campylobacter or verotoxinproducing Escherichia coli, they were processed for this study. 
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Isolation of resistant bacteria
Approximately 100 mg of each faecal sample were emulsified in tryptone-soya broth (TSB) by vortexing for 1 min. Three 10-fold dilutions were made in TSB. A sample of 25 L from each dilution was plated on to CLED agar (Oxoid, Basingstoke, UK) containing 128 mg/L ampicillin. This concentration was chosen to permit the selective culture of bacteria producing efficient -lactamases, such as those of the TEM family. Plates were incubated aerobically at 37ЊC overnight and then observed for growth. Specimens were considered culture positive if even a single colony could be grown on repeated subculture in the presence of ampicillin.
Extraction of bacterial DNA from faeces
DNA was extracted from faecal samples using the QIAamp DNA Stool Mini Kit according to the manufacturer's instructions (Qiagen Ltd, Crawley, West Sussex, UK) with the following modifications: the optimal higher temperature of 95ЊC was used in Step 3 and at Step 17, DNA was eluted twice in 100 L of buffer AE, rather than once in 200 L as described in the manufacturer's protocol.
PCR amplification of bacterial targets
To ensure that bacterial DNA from each sample was available for PCR amplification of the bla TEM gene, each sample was subjected to PCR amplification using universal bacterial primers 4 5Ј-AGGAGGTGATCCAACCGCA-3Ј and 5Ј-AACTGGAGGAAGGTGGGGAT-3Ј. Each reaction was carried out in 25 L, containing 15 pmol of each primer, buffer, 2.5 mM (final concentration 0.2 mM) dNTPs, 1.5 mM MgCl 2 , 1 U Promega Taq polymerase and 0.1 g/L BSA with 2.5 L of the extracted template. The reaction comprised 40 cycles of 30 s at 95ЊC followed by 30 s at 55ЊC with a final extension step of 10 min. The PCR product is 370 bp.
PCR amplification of the bla TEM gene
To optimize the detection of bla TEM sequences, a nested PCR was employed using the primers of Mabilat et al. 5 and Hibbert-Rogers et al. 6 The sequence of the TemA primer is 5Ј-ATAAAATTCTTGAAGAC-3Ј; TemB is 5Ј-TTACCAATGCTTAATCA-3Ј; TemE is 5Ј-TCGTCG-TTTGGTATGGC-3Ј; and TemH is 5Ј-AGGAAGAG-TATGAGTAT-3Ј. Each reaction was carried out in 25 L, containing 15 pmol of each of the four primers, buffer, 2.5 mM dNTPs, 3 mM MgCl 2 , 1 U Promega Taq polymerase and 0.1 g/L BSA with 2.5 L of the extracted template. The reaction comprised 30 cycles at 94ЊC for 15 s, followed by 30 s at 52ЊC and 1 min at 72ЊC. The final extension was 5 min, yielding a product of 533 bp.
Results and discussion
Of the 100 samples examined, there was found to be no bias in the gender of the donor ( 2 ϭ 2.92, 1 df, P Ͼ 0.05) and although young women, aged 20-40 years, appeared to be somewhat over-represented, this was not statistically significant. Because of the nature of the source material, samples provided for the detection of enteric pathogens, this study does not seek to model the healthy general population. It does, however, illustrate levels of resistance in a population who are not currently hospitalized.
Five samples failed to amplify with the universal bacterial PCR primers, indicating that DNA extraction had failed. These were excluded from further analysis. Twentythree specimens (24%) yielded high-level ampicillin-resistant colonies upon culture. Of these, 18 also yielded an amplimer when subjected to PCR to detect the bla TEM gene. The absence of an absolute correlation between a positive culture and the production of a bla TEM amplimer is not surprising, since although TEM-type -lactamases are one of the most common causes of ampicillin resistance in the facultative Gram-negative bowel flora, they are not the only mechanism conferring high-level ampicillin resistance. 7 Four specimens showed evidence of an inoculum effect: confluent or semi-confluent growth when plated neat but no growth when dilutions were examined. One of these was positive when tested for bla TEM by PCR. It is probable that the bla TEM found in this sample may be harboured by the obligate anaerobic flora and thus not recoverable by culture.
Although 23 of the specimens yielded ampicillin-resistant bacteria, when the presence of bla TEM was sought using PCR, 49 specimens (52%) were found to harbour this gene. The Figure shows representative results of nested PCR for bla TEM . Of the PCR-positive samples, only 36% also yielded ampicillin-resistant colonies upon aerobic culture. Thus, 31 samples appeared to harbour bla TEM but did not yield ampicillin-resistant colonies on culture. The difference between culture and PCR for the detection of ampicillin resistance was highly significant ( 2 ϭ 7.298, P Ͻ 0.001). The most probable location of bla TEM in these specimens is the obligate anaerobic flora of the bowel.
The discrepancy between the results obtained from culture experiments and those derived from a molecular analysis reveal the dangers inherent in relying upon a single method to determine the size of a potential gene pool. Reliance on aerobic culture has significantly underestimated the gene pool. It is not surprising that PCR has detected the bla TEM gene in more samples than were found by conventional culture. This is a technique capable of detecting genes in bacteria that cannot be recovered by conventional culture. In this context it is important to note that up to 80% of existing microorganisms may remain uncharacterized because of a reliance on culture detection. 8 It is interesting to note that in a community-based study in The Netherlands, ampicillin-resistant faecal Enterobacteriaceae were found in 30% of specimens, 9 and use of antibiotics by patients was subsequently found to increase selection for resistant E. coli. 10 Notably, 27% of faecal samples collected in the initial Dutch study yielded no growth on antibiotic-free plates after 24 h. 9 It must be remembered, however, that PCR alone does not reflect accurately the presence of active bla TEM genes. In order to determine the activity of the bla TEM gene in a population, it will be necessary to assay for the presence of mRNA derived from the bla TEM gene. Further characterization of the PCR products is also required to determine whether the genes detected encode narrow-spectrum -lactamases or those with an altered spectrum of activity. Only when such methodologies are applied will we obtain an accurate view of the distribution of active resistance genes in the population.
